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The number of forms of corrosion that can take place in metals and alloys is quite vast, 
in Figure 3a a schematic diagram of different forms of corrosion is presented. How-
ever, there is a major characteristic that implies different monitoring strategies. These 
are on the one hand side uniform and on the other hand side localized corrosion pro-
cesses. Figure 3b presents a distribution of corrosion processes according to their spa-
tial distribution and scale.  
 

 
Figure 3: a) Schematic illustration of common forms of corrosion (from [11]) b) Classification of corrosion 
processes according to their spatial scale (also [11]) 
 
The following types of corrosion are of special interest in aircraft:    

• Pitting is a form of localized corrosion mainly occurring on passivated substrates, 
which leads to small holes in the surface. Pitting is initiated by the attack of ag-
gressive halide (Cl-) ions (originating from the surrounding environment), which 
cause the breakdown of the passive layer.  

• Intergranular corrosion happens along the grain boundaries when the corrosion-
inhibiting elements are depleted from the grain boundaries, without appreciable 
attack of the grains themselves. 

• Another form of intergranular attack is exfoliation corrosion. This kind of corro-
sion happens on elongated grains, which were formed during the production pro-
cess (rolling/heat treatment).  

• Filiform corrosion (under film corrosion) is special form of crevice corrosion that 
happens underneath the bulged and cracked coatings. Fil iform corrosion occurs 
in the form of randomly distributed threadlike filaments. These filaments are com-
posed of corrosion products.   

• Stress corrosion cracking (SCC) is a time dependent process that occurs under the 
influence of residual and imposed tensile stress (destroys passivation layers) in a 
specific corrosive environment. Localized corrosion like pitting or intergranular 
corrosion leads eventually to SSC.  

• Fatigue on corroded materials: Fatigue occurs when a material is subjected to 
periodic loading and unloading. Corrosion yields stress concentrations at the sur-
face of loaded structures, and thus, can significantly reduce the fatigue life of a 
mechanical component. 

 

Corrosion phenomana
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To assess the corrosion resistance of a certain component, ac-
celerated corrosion tests are often used to shorten the time 
needed to obtain results compared to outdoor tests. Several 
tests are used to assess the corrosion resistance of aluminium 
alloys, but they were not developed specifically for the aero-
space industry. For example, neutral salt spray test (ASTM 
B117) is widely used but is sometimes not representative to 
real operating conditions and may lack a correlation between 
corrosion resistance during test and real operation. 
 
To counter this issue, some more elaborate accelerated cor-
rosion tests exist. For example, the comparatively new test 
according to DIN 55635:2019-05 ([12], available at CEST, c.f. 
Figure 4) is  favourable.  Such a cyclic corrosion test (which 
has been developed for automotive industry but can be 
adapted to aerospace conditions), with alternated wet/dry 
phases and salt spray contaminations, can be more representative of corrosion con-
ditions of operated planes.  
 
Another promising method of assessing the corrosion behav-
iour of surfaces are so-called in-situ cells, which allow the cre-
ation of an artificial atmosphere with defined gas and humid-
ity content, coupled with measurement techniques to sense 
the corrosion processes (see Figure 5). Measurement by opti-
cal (infrared and Raman spectroscopy), chemical (Inductively 
Coupled Plasma Optical Emission Spectroscopy ICP-OES, mass 
spectrometry) or physical principles (Quartz crystal microbal-
ance QCM) is performed while the corrosion process is hap-
pening [13]. A downside is that these cells are small, so only 
small coupons can be investigated.  
 
In order to assess the SoH (state of health) of structural parts in aeroplanes, several 
technologies exist which, employ different physical principles. Currently, most re-
search concentrates on the mechanical integrity of parts (where corrosion can be con-
sidered a factor causing loss of integrity), so research to detect the corrosion itself 
has high innovation potential.  
 
General approaches to corrosion sensing by the use of sensors are [14]:  

• direct measurements of corrosion effects (by measuring the occurring 
changes in the structure of the material by using acoustic or electrochemical 
sensors)  

• measurement of corrosivity by relating the degradation of the sensor itself to 
the degradation of an adjacent structure (e.g. measuring the resistivity of de-
grading metal layers) 

• measurement of corrosion products (e.g. chemical sensors which detect solu-
ble corrosion products) and   

Figure 5: In-situ measurement 
cell available at CEST 

Figure 4: DIN 55635:2019-05 
chamber 
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ence from Johannes Kepler University Linz. For in situ observation of corrosion pro-
cesses, techniques with high spatial resolution are necessary. Within the frame of 
CIMCA, suitable microsensors and methods are developed and evaluated, which are 
on the one hand suited for studying corrosion in aqueous media, on the other hand 
they should enable the investigation of atmospheric corrosion processes. Therefore, 
the focus is on (ion-)selective microsensors (pH, oxygen, hydrogen, metal ions) ap-
plied via scanning electrochemical microscopy (SECM) and atomic force micros-
copy/scanning Kelvin probe force microscopy (AFM/SKPFM) at defined climatic con-
ditions. In this manner, suitable, non-toxic, but pH-sensitive metal oxides are tested 
for their usage as pH-microsensor. For AFM/SKPFM measurements a climatization 
chamber was designed, which allows for precise adjustment of the measurement at-
mosphere regarding composition (e.g. introduction of air pollutants) and relative hu-
midity without affecting the topography and potential acquisition. A third focus is on 
the development of functional hydrogels for optical corrosion analysis. Polyacryla-
mide (PAAm) hydrogels were fabricated and characterized in terms of pH stability as 
well as proton, oxygen and metal ion mobility. Functionalisation with pH indicators 
enabled the pH mapping during corrosion processes of model and industrial samples, 
e.g. galvanized steel. Figure 6 gives some examples from the project content. 
 

 
Figure 6: SECM measurement setup for investigation of surfaces with microelectrodes, middle: AFM 
(top) and SKPFM (bottom) scan of corrosion initiation on a steel sample, right: pH distribution sur-

rounding a coating defect visualized with a pH-sensitive hydrogel corrosion patch 

In the finished project IRRAS (COMET project, no. 2.1) a corrosion chamber for in-situ 
analysis of corrosion was built up (see Figure 7). The atmospheric weathering system 
was coupled to polarization modulated-infrared reflection absorption spectroscopy 
(PM-IRRAS) and a quartz crystal microbalance (QCM). For instance, it was possible to 
study the SO2- and NO2-induced corrosion behaviour of three different galvanized 
coatings. Several interesting corrosion mechanisms of zinc and industrial zinc -based 
coatings have successfully been elucidated. For instance, it was possible to show syn-
ergistic effects of SO2 and NO2 in combination on the corrosion rate of ZnAlMg coat-
ings.  
In addition, in the current iMESA (in-situ Metal Surface Analysis, number 2.1) project 
we build up a salt spray corrosion chamber, equipped with a Raman probe and a cam-
era for stepwise imaging during the corrosion process. With these techniques plenty 
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of data about corrosion processes can be generated, which might can be interpreted 
better by the help of algorithms. 

 
Figure 7: IRRAS Corrosion cell for measuring corrosion on galvanized steel with IR spectra as a resu lt 
showing the time dependent detection of corrosion products.  

IKL – Institute for Structural Lightweight Design: 
FFG Bridge Smart Lugs (no. 868058, ongoing): The project deals with the structural 
design and the safe operation of double shear lugs in aircrafts. Aims of the project 
are: (i) Existing design guidelines shall be analysed, extended and improved and re-
maining uncertainties shall be reduced by means of the modern possibility of Struc-
tural Health Monitoring (SHM) technology. (ii) The SHM methods shall already be im-
plemented in the lug manufacturing process and thus contribute to an increase of 
production quality and operational safety. (iii) Such SHM methods capable of moni-
toring double shear lugs online shall be utilized in service applications to reach thus 
highest safety levels. This project continuous the research done at the Institutes CD 
Laboratory and connects damage tolerance analysis in aircraft design with SHM at the 
level of a structural element. A background that can be transferred to the assessment 
of structural integrity due to corrosion damage. 
 
Strategic project in FFG COMET K2-Center "Symbiotic Mechatronics": The aim of a 
strategic project embedded in the centre is the functional integration in composite 
structures for structural health monitoring (SHM) and active vibration control. Focus 
is given to wireless sensors and energy harvesting, optimal design of sensor networks 
and optimal positioning of energy harvesters. The results shall be validated by devel-
oped test setups. This project expands the Institute’s expertise in SHM methods to-
wards design of sensor networks and their energy supply. A background that can be 
directly used for the proposed design of a corrosion monitoring sensor system. 
 
Christian Doppler (CD) Laboratory for Structural Strength Control of Lightweight Con-
structions (ongoing): The objective of the CD-Laboratory is the development of holistic 
and standardized procedures to monitor and assure (i.e. control) the load carrying 
capability (i.e. strength and stiffness) of damage tolerant lightweight structures during 
the operation, on-line and over the lifetime of the structures. Within the CD-Labora-
tory, the IKL focuses on two major topics: 

1. analytical and numerical prediction methods for static strength, fatigue, dam-
age propagation and damage tolerance of lightweight components  
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1.2 Degree of Innovation 
 
(max. 8 pages) 
 
1.2.1 Problem and research need 
 
Clearly point out the problem and/or unsolved scientific/technical questions giving 
rise to the need for a funded research and development project. 
 
Online corrosion sensors are relevant topic in current research [8], [44] and have been 
suggested quite some time for aircraft maintenance [45]. Still, aircraft operators (civil 
and military) and manufacturers do not use them widely nor they are considered 
standard in new aircraft designs. However, there is an increasing trend for aircraft 
operators to optimise the whole life cycle of aircraft and to reduce maintenance costs 
and effort. Corrosion is an important factor here since it can lead to material loss and 
is often the precursor of fatigue cracking. Whilst these are issues for ageing aircraft 
that might be kept in service well beyond their original design life, there is also a move 
to make new airframes less costly to support and operate. The ability to monitor and 
predict the corrosion or remaining corrosion life in an airframe would have a major 
impact on the cost of through-life support. The highly optimized mechanical struc-
tures are typical in aircraft design and are prone to uncertainty, which might provoke 
catastrophic failure (where an example is the already mentioned Aloha Airlines acci-
dent [46]). SHM and monitoring of the SoC can reduce these uncertainties, and thus, 
it is believed to allow weight saving by less conservative design, increase the opera-
tional safety by permanent health monitoring and reduce downtimes and mainte-
nance costs due to the possibility of scheduled maintenance.  
 

Even though recent aircraft 
have a higher share of compo-
site parts (where joints with 
metals also have corrosion is-
sues [47]) instead of alumin-
ium, many typical aerospace 
structures and parts are still 
commonly made from aero-
space-grade aluminium alloys 
and protected by surface treat-
ments. It is generally hoped 
that the protective surface is 
perfectly flawless but on a large 
structure undergoing the rig-

ours of everyday service this not achievable. Impact damage, in flight, during landing 
and take - off or on the ground is a common occurrence. Damage during maintenance 
(tools and spilt fluids) can occur as well as paint cracking at high stress points around 
joints and at fasteners or due to thermal cycles and fatigue. Often, these defects occur 
without any outward signs of damage.  

Figure 8: From flaw to visible corrosion (from [33]) 
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AI methods may also help in reducing and filtering the large amounts of data, which 
are produced from these sensors (an ultrasound sensor at 1 MHz sampling rate pro-
duces 4 MB of data per second). This translates for week-long test campaigns with 
several sensors in hundreds of TB of created data. Therefore, proper storage capabil-
ities (on premise or cloud), compression and pre-filtering/triggering is necessary to be 
able to handle the data for subsequent model building.  
 
Sensors for corrosion and perhaps other forms of environmentally-induced degrada-
tion can only be used for managing and supporting aircraft in service if there is a way 
to interpret the sensor information into an easily understood message of what ac-
tions, if any, are required for the maintenance support engineers. Thus, easy to un-
derstand, non-ambiguous and reliable indicators about the state of health of structur-
ers are necessary. No system would be complete, if evaluation of sensor data could 
be only done by experts who would need years of training. Especially those tasks, 
which are typically done by trained and experienced professionals, are susceptible for 
AI methods.  
 
1.2.2 Goals 
 
Describe briefly and concisely the key qualitative and quantitative goals and ex-
pected results of the project. These goals should be clear, measurable, realistic and 
achievable within the project duration. They should also be consistent with the ben-
efit and exploitation of the results. 
 
The general goal of the AICorrSens project is to develop a multi-sensor setup for 
monitoring the SoC based on ultrasonic, electrochemical and environmental sensors 
evaluated by artificial intelligence methods to increase aircraft safety and reliability. 

The following objectives are pursued within the duration of the AICorrSens project:  
 
Define parts and corrosive environment for testing: 
The project consortium defined with the 3rd party industrial partner RO-RA tie rod fork 
end (made from AL7075-T6511 alloy with a sulfuric acid anodization as surface treat-
ment, see Figure 9) as a suitable demonstrator component existing in many existing 
aircraft designs. Tie rods are used in aircraft to connect functional parts with the over-
all structure. These can be used in the interior of the aircraft where they are subjected 
to various fluids as well as outside (e.g. landing gear), where harsh environmental 
conditions are prevalent. Furthermore, they are used as well in engines and on wings.  

 

Figure 9: Drawing and image of a tie rod fork end 

Corrosion in avia.on à Stress Corrosion Cracking and Corrosion fa.gue



The mission of AICorrSense

AI-CorrSense consor.um:
CEST (Val*ner)/Uni Linz(Kralovec)/ Uni Krems (Brückl)/ SENZORO(Loinig)

Ar#ficial Intelligence-based corrosion sensing and predic#on for aircra6 applica#ons 

Boeing 757 lower flap angle with extensive exfolia6on corrosion à
inspec6on/replacement

• Entwicklung von Labels f. AI (Corrosion/Ultraschall)
• Entwicklung eines Mul*sensor-Setups zur Überwachung der Korrosion (Ultraschall-, 

elektrochemischen und Umweltsensoren) 
• Kombina*on mit KI-Algorithmen (neuronaler Netzwerkarchitekturen (AutoML) 

Trainingsdaten werden bei der Durchführung beschleunigter Korrosionstests

Ziel: Sta> Inspek.on à Korrosionsdetek.onsmethode als Echtzeit (on board) 
Auswertung in Bezug auf Detek.on, Lokalisierung, Typisierung und Quan.fizierung


